The objective of this work was to study the genetic systems controlling quantitative traits of maize using a North Carolina Design II mating design among nine parental lines and their 20 F1's under normal and drought stress conditions. Highly significant differences existed among studied genotypes, revealing a large amount of variability among them under both conditions. The significant values of mean square for parents vs. crosses were observed, indicating the importance of heterotic values and non additive genetic variance in the inheritance of these traits under the two conditions. Some lines and their F1 crosses showed drought susceptibility index "S" values less than one revealing relative drought resistance. The results showed that the magnitudes of non-additive genetic variance (σ 2 D) were larger than those of additive ones (σ 2 A) for most studied traits, indicating that the non additive gene action was pronounced in the inheritance of these traits. Therefore, these promising crosses could be utilized in maize breeding program to improve these traits under favorable and drought stress. This finding could be emphasized by the estimate values of narrow sense heritability.
INTRODUCTION
Maize (Zea mays L.) is one of the most important cereal crops in Egypt and all over the world. Maize is particularly sensitive to water stress at the flowering and grain filling periods (Grant et al. 1989) . Evaluating droughttolerant germplasm and then developing drought-tolerant varieties are the means by which agriculturists minimize the impact of abiotic stress without causing a substantial yield loss. The development of drought tolerant lines becomes increasingly more important. Phenotype is the result of genotype and environmental interaction, therefore, assessment of desired genotypes is highly dependent on proper environmental conditions. Abiotic stresses (particularly drought, high temperature, salinity and others) generally reduce crop productivity. Stresses can occur at any stage of plant growth and development reducing crop productivity (Ribaut et al. 2009 ). Thus, drought resistance in crops is probably the most difficult trait to understand (Bruce et al. 2002 and Ashraf, 2010) . Water stress can lead to the closed stomata and consequently decrease carbon dioxide absorption, photosynthesis and dry matter production . Low heritability of grain yield and the complexity of genotype environment interactions limit the development of cultivars tolerant to water stress. Recent advances in the genetic improvement of crop drought resistance by conventional breeding and molecular techniques have enabled drought-resistant breeding to take a big step, but it also underscores the urgent need for standard evaluation assays and selection criteria for drought resistance, especially when climate change (Campos et al. 2004; Moose and Mumm 2008 and Ashraf (2010) .
The magnitude of σ 2 SCA x E interaction was wider than σ 2 GCA x E interaction for most morphological and grain yield traits, indicating that the non-additive type of gene action was more effective than the additive type of gene action by environment (Khaled 2008) . On the other hand, Imtiaz (2009) stated that additive gene action was important for plant height and harvest index under normal and stress conditions, whereas dominance type of gene action was found for kernels per ear row and 100-grain weight. Additive gene effects were predominant in controlling the majority of maize traits under deferent environments (Barakat and Abd El-Moula, 2008 and Mahdi et al. 2011) .
The objective of this work was to study the genetic systems controlling quantitative traits among nine maize lines and their 20 F 1 's using a North Carolina Design II in two separate environments (drought and irrigated conditions).
MATERIALS AND METHODS

Field experiments:
This study was carried out at the experimental farm at the Faculty of Agriculture, Sohag University, Egypt during the two successive seasons of 2010 and 2011. The genetic material used in the present investigation consisted of nine parental lines: A3 (B73, provided by ENS de Lyon, France), (B3, B5, B8 and B10) which are Egyptian lines produced by Department of Maize Research Program Field Crops Research Institute, ARC, Egypt and (C1, C12, C15 and C16) are sub-tropical maize produced by The International Maize and Wheat Improvement Center (commonly called by its Spanish acronym CIMMYT for Centro Internacional de Mejoramiento de Maíz y Trigo) in Zimbabwe. The Single cross hybrid-10 (S.C.10) which is produced by the Ministry of Agriculture in Egypt is considered the best yielding maize hybrid in Egypt was used as a check.
In the summer season of 2010, The nine parental lines were arbitrary divided into four parents as males (B3, B5, C1, and C12) which were crossed with five parental lines (A3, B8, B10, C15 and C16) as female parents to produce 20 crosses in North Carolina Design II fashion. All parental lines were self pollinated to obtain additional seed from each one.
In the summer season of 2011, the nine parental lines, their 20 F 1 crosses and the check variety S.C.10, were sown in two contrasting conditions, under irrigated and stressed conditions (15 May). The material was laid out in a Randomized Complete Block Design (RCBD) with three replicates. Each block consisted of 30 plots (nine plots for the parents, 20 plots for the F 1 hybrids and one plot for the S.C. 10). Each plot consisted of three rows of 21 plants spaced 30 cm between hills, while the rows were set 70 cm a part. The irrigation was applied each seven days in the normal irrigated condition, and each 12 days in the drought stressed condition. All other agricultural practices were applied as recommended for maize production.
Data were recorded on five random plants/replicate (size of family, m=15 plants) for pollen shedding date: recorded when the pollen-shedding was completely visible for 50% of plants; plant height (cm); total biomass per plant (g): roots was excluded; grain weight per plant (g); the grain weight was adjusted to 15.5% moister content; ear length (cm); ear diameter (cm); ear weight (g); number of rows per ear and drought susceptibility index (S).
Statistical and biometrical analyses:
Data of the different measured traits for the nine parental lines and their 20 F 1 crosses were subjected to the conventional statistical analysis. The North Carolina Design II analysis (Table 1) was performed for the 20 inter-lines crosses according to the method of (Mather and Jinks 1971) . The genetic parameters were calculated as:
The heritability in narrow sense was calculated as:
Drought susceptibility index (DSI) is calculated according to the method of Fischer and Maurer (1978) . Yield of individual genotypes is determined under drought stressed (Yd) and well-irrigated (Yw) conditions. Data on average yield of all varieties under drought (Xd) and well-irrigated conditions (Xw) are used to calculated drought intensity (D) as:
D=1-
Xw Xd
Then the DSI of individual genotypes is calculated as: Yd= Yw (1-SD); DSI =
YwD
Yd Yw σ 2 A σ 2 A + σ 2 D + σ 2 W h 2 = Genotypes with average susceptibility or resistance to drought have a DSI value of one. Values less than one indicate less susceptibility and greater resistance to drought. Meanwhile, a value of DSI=0 indicates maximum possible drought resistance (no effect of drought on yield).
Heterosis was calculated using the Mid-parent % as: H% = MP MP F  1 X 100
Where; H% = Heterosis %, 1 F = Mean of the F 1 crosses and P M = Midparent value.
RESULTS AND DISSCUSION
Analysis of variance
Analysis of variance for all studied traits under normal (N) and drought stress (D) conditions is presented in Table 2 . Differences existed among genotypes (parents and their 20 F 1 crosses) under normal and drought stress conditions were highly significant for all studied traits, revealing a large amount of variability among them. Parents vs. crosses, as an indication of average heterosis over crosses, were highly significant under the two environments for all studied traits Analysis of variance of North Carolina Design II for all studied traits is presented in Table 3 . The two main effects of "fathers" and "mothers" were highly significant under normal and drought stress conditions for all studied traits, reflecting the existing of additive gene variance. The mean square due to the "fathers X mothers" interaction was also highly significant under both environments for all studied traits, revealing the importance of dominance variance in the inheritance of these traits.
Mean performances :-
Mean performances of the parental lines and their respective 20 crosses for all studied traits under normal (N) and stress (D) conditions are shown in Table 4 .
The results showed that the range of mean performance of the nine parental lines was quite wide extending from extreme earliness of line A3 (55.7 days in irrigated and 53.3 days in stressed conditions) to lateness of line C12 (84 days in irrigated and 80.3 days in stressed environment). As for plant height, the parental lines under normal environment ranged from 92.1 to 183.3 cm for lines A3 and B5, respectively. Under drought stress for the same traits, the range extended from 72.1 to 129.9 cm for lines A3 and C15, respectively. The mean performance of lines for biomass trait was quite wide extending and the mean values were 130.7 and 278.5 g, for B8 and C15, respectively under normal conditions. The range was 72.0 and 171.3 g for B3 and C15, respectively in stressed conditions. The parental lines range for ear diameter extended from 8.3 to 10.9 cm and from 7.3 to 9.9 cm under normal and stressed conditions, respectively. The means of ear length ranged from 10.5 to 15.3 cm under both conditions. Number of rows per ear means ranged from 9.1 to 11.9 rows/ear for the same parents under both conditions. Ear weight of lines means were extended from 43.3 to 60.6 g and from 29.1 to 39.9 g under irrigated and stressed conditions, respectively. The average of grain yield per plant for parental lines under normal conditions ranged from 24.0 to 37.5 g for lines B8 and B5, respectively. While, under stressed conditions, the mean values were narrower extending from 15.9 to 22.1 g for B10 and B5 lines, respectively.
Concerning mean performances of the 20 crosses for No. of days to Pollen-shedding, the range of crosses means in the irrigated conditions extended from 54.3 days for the cross (A3 X B3) to 91.7 days for the cross (C15 X B3 and C16 x C1). Under drought stress, the range extended from 52.7 days for cross (A3 X B3) to 89.7 days for cross (C15 X B3). In the normal environment, plant height reached to 160.2 cm for (B8 X B5) and to 198.3 cm for (B8 X B3). Under drought condition, the range of plant height extended from 132.3 cm for the cross B10 X C1 to 186.7 cm for the cross B8 X C1. The largest means values of biomass trait for crosses were 343.0 and 292.7 g for C15 X B3 and C15 X C12, under normal and drought stressed conditions, respectively. The range of the F 1 crosses for ear diameter extended from 9.5 to 11.9 cm and from 7.9 to 11.2 cm under normal and stressed conditions, respectively. For ear length, the means of crosses ranged from 11.9 to 19.2 cm and from 10.7 to 14.8 cm under irrigated and stressed conditions, respectively. The mean of crosses for number of rows/ear ranged from 9.5 to 13.0 cm and from 9.3 to 12.1 cm under normal and stressed conditions, respectively. The F 1 crosses means for ear weight were extended from 69.8 to 99.9 g and from 53.3 to 84.7 g under irrigated and stressed conditions, respectively. The grain yield average of crosses in the irrigated conditions ranged from 42.5 to 88.5 g for (A3 x B5) and (C16 x C12), respectively. Under drought, the average was reduced and ranged from 35.6 g to 69.1 g for (C15 x B3) and (B10 x B3) crosses, respectively. It could be noticed that, three particular crosses namely (B10 x B3), (C15 x C12), and (C16 x C12) exhibited an excellent performance under drought conditions with the mean grain yield per plant approaching closely that of the check variety (S.C.10.).
Drought susceptibility index (DSI):-
Drought susceptibility index (Table 4 ) indicated that the parental lines A3, B8, C12 and C16 showed DSI mean values of 0.39, 0.38, 0.74, and 0.99, respectively, revealing relative drought resistance. Maciej et al. (2012) showed that the variation of DSI for maize ranged from 0.38 to 0.65 and for triticale from 0.35 to 0.58. On the other hand, C1 and B10 parental lines were found to be the most susceptible. As for the F 1 crosses, nine out of the 20 F 1 crosses showed relative drought resistance (DSI<1). In general, the crosses that involved A3 as a common "mother" were, on average, relatively tolerant to drought indicating that this trait is transmissible to progeny. In this direction, three particular crosses, namely (B10 x B3), (C15 x C12) and (C16 x C12) exhibited an excellent performance under drought conditions with the mean grain yield/plant approaching closely that of the check SC.10 that displayed relative susceptible to drought with DSI value being 1.43. Similar results were obtained by Stanisław (2001) and Shirinzdeh et al. (2010) between maize hybrids. The intensity of drought was rather strong with grain yield/plant being reduced by 26% under drought.
Similarity percent analysis based on means of the studied traits:
In this study, to find out relationship among the nine parental lines, their F 1 crosses and the check variety (S.C.10), the similarity percent was calculated based on the means of all studied traits. Under irrigated conditions, the parental lines (A3 and C15) and (C1 and C16) showed similarity percent ranged from 78 to 97%, respectively ( Figure 1A ). Under the same condition, the crosses (C16 x B5 and A3 x B3) and (B10 x C12 and B10 x B5) showed similarity percent ranged from 85 to 99%, respectively. Under drought condition, the parental lines( A3 and C15), and (C16 and B15) showed similarity percent ranged from 77 to 97%, respectively, while among crosses, these percent increased to 85% between (C15 x C12) and (C16 x B5), and to 98% between (C16 x C1) and (A3 x B5) ( Figure 1B) . This variability is not surprising because the accessions were colleted from different environments. The evaluation of these genotypes representing the existing diversity and cultivation conditions has been performed based on ten morphological traits. Goodman and Paterniani (1969), and Miguel et al. (2008) had documented by the adequacy of morphological traits to identify and classify maize landraces. 
Estimates of heterosis :-
Estimates of heterosis over mid parents for each cross under normal (N) and drought stress (D) conditions for all studied traits are presented in Table 5 . The results showed that, nine and ten out of 20 crosses were significant flowered than their mid-parents with negative heterosis values ranging from (-2.26 to -20.56%) and (-2.94 to -19.29%) under irrigated and drought conditions, respectively. Concerning plant height, all crosses showed undesirable heterosis values with positive highly significant values under both environments. Most crosses showed significant values than their mid-parents for biomass trait with positive significant heterosis values under both environments. As for ear diameter, 18 and 14 out of 20 crosses were highly significant with positive heterotic values, under normal and drought conditions, respectively. Nineteen crosses for ear length were highly significant with positive values desirable under both conditions. Highly desirable significant positive heterotic values were obtained for 15 and 17 crosses under normal and drought stress conditions, respectively for number of rows per ear. All crosses for ear weight exhibited significant positive heterosis values relative to mid-parents with values ranged from 16.53 to 97.47% and from 41.57 to 135.06% under irrigated and stressed conditions, respectively. For grain yield, estimates of heterosis were positive highly significant values for all crosses under both environments. Heterotic values ranged from 28.45 to 208.36% for the crosses (C16 x B5) and (C16 x C12), respectively under normal conditions. Whereas, the heterotic values were increased and ranged from 78.45 to 286.03% for (C15 x B3) and (B10 x B3) crosses, respectively under drought conditions. Generally, the superiority of some crosses over their mid-parents reflects the important role of non additive genetic variance in the inheritance of these traits.
Estimates of genetic parameters
Estimates of all types of gene action for all studied traits under the two environments are found in Table 6 . The results showed that the magnitudes of non-additive genetic variance (σ 2 D) were larger than those of additive ones (σ 2 A) for number of days to pollen shedding under both environments. These results reflect low narrow-sense heritability estimates of 0.12 and 0.08 under irrigated and drought conditions, respectively. These results are in accordance with those of Shafey et al. (2002) ; Abd El-Maksoud et al. (2003) and Fu et al. (2008) .
However, additive component of genetic variance was more important in controlling plant hieght, which was two times larger than the dominance one under both environments. This finding reflects the high narrow-sense heritability estimates obtained (0.80 and 0.83) under irrigated and drought conditions, respectively.These results are in accordance to those obtained by Bukhari (1986) Genes with mainly dominance effects were controlling biomass per plant under normal conditions with a low heritability of 0.24. However, under drought conditions both additive and dominance gene effects were involved in the inheritance of this trait with the heritability being increased to 0.64, in accordance with the results of Khaled. (1997) ; Shabir and Saleem, (2002) ; Betrán et al. (2003) ; Abd El-Maksoud et al. (2003) ; and Mahdi et al. (2011) .
Concerning yield components, the magnitudes of additive genetic variance (σ 2 A) were larger than those of non additive ones (σ 2 D) under normal condition for grain yield, ear weight and number of rows per ear traits. Whereas, dominance effects were strongly operating ear diameter and ear length traits under drought conditions. Narrow-sense heritability estimates for grain yield, ear weight, ear diameter, ear length and number of rows per ear amounted to 0.91, 0.63, 0.21, 0.17 and 0.32, respectively, under normal environment, and 0.55, 0.43, 0.54, 0.50 and 0.11 under drought conditions for the same traits, respectively. Similar results were reported by Turgut et al. (1995) ; Hui et al. (1995) ; Malvar et al. (1996); Khaled. (1997); John et al. (2007) and Khaled. (2008) .
In conclusion, highly significant differences existed among genotypes, revealing a large amount of variability among them under both environments. The significace of mean square of parents vs. crosses observed indicated the importance of heterotic values and non additive genetic variance in the inheritance of these traits under the two environments. Some lines and their F 1 crosses showed (S) values less than one revealing relative drought resistance. The magnitudes of non-additive genetic variance were larger than those of additive ones for most studied traits, indicating that non additive gene action was pronounced in the inheritance of these traits. Therefore, these promising crosses could be utilized in maize breeding program to improve these traits. This finding could be emphasized by the estimate values of narrow sense heritability. Table 2 : The mean square for all studied traits for 20 F 1 crosses in normal irrigated (N) and drought (D) conditions. **, * Significant at 0.01 and 0.05 levels, respectively and (Non-Significant). 200.1 99.9 80.9 9.7 9.5 13.5 10.7 11.5 10.9 88.5 65.1 1.06 S.C.No.10 78.0 68.0 198.1 173.8 257.5 176.8 99.5 84.7 11.1 10.9 14.5 13.3 11.9 11.0 80.9 61.1 1.43 
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